Abstract Comparisons of the behavior and ecology of primates living in intact and fragmented forest are critical to the development of conservation strategies for the many primate taxa threatened by habitat loss. From July 2009 to April 2010, we investigated the habitat use, ranging behavior, and diet of two groups of Boutourlini's blue monkeys (Cercopithecus mitis boutourlinii), a subspecies endemic to western Ethiopia, whose habitats had experienced different levels of disturbance at Jibat Forest. Forest Group occupied primarily continuous tree-dominated forest with little human disturbance whereas Fragment Group inhabited a heavily degraded 2-to 3-km 2 forest fragment nearly surrounded by farmland and connected tenuously to the continuous forest by a narrow corridor of riverine forest. Mean daily path lengths for both groups were nearly identical (Forest Group: 799 m; Fragment Group: 783 m) and exhibited little seasonal variability. The mean home range areas of Forest Group and Fragment Group were 72.0 and 61.2 ha, respectively. Forest Group (N=2232 feeding records) fed mostly on fruits (52.5 %), though they also ate animal prey (14.7 %), young leaves (11.1 %), shoots (8.7 %), and flowers (7.3 %). In contrast, fruits accounted for only 17.0 % of Fragment Int J Primatol (2013) Group's diet (N=2903 feeding records), with shoots (29.8 %), young leaves (17.1 %), animal prey (13.1 %), seeds (9.6 %), and flowers (6.8 %) also making substantial contributions to their diet. Only Fragment Group engaged in crop raiding, consuming seeds from barley and wheat extensively (33-41 % of diet) during 2 mo. Fragment Group (N=33) ate more plant species than Forest Group (N=24), though both groups exploited a small number of plant species relative to other subspecies of blue monkeys. Our study revealed that, like most other blue monkey subspecies, Boutourlini's blue monkeys are quite flexible in the habitats they occupy as well as in their foraging habits. Despite this ecological flexibility, the long-term conservation of Boutourlini's blue monkey is far from assured given its limited distribution, the rapidly growing human population, and the high rates of forest clearance in western Ethiopia.
Introduction
Habitat loss is arguably the gravest threat facing primates inhabiting tropical forests today (Chapman et al. 2006a; IUCN 2012) . The primate taxa with the greatest flexibility to cope with this threat will be the ones most likely to persist through the 21st century and beyond (Chapman et al. 2006a; Marsh 2003; Onderdonk and Chapman 2000) . One of the most common outcomes of human-induced habitat loss in tropical forest ecosystems is forest fragmentation (Harrison and Bruna 1999; Laurance et al. 1998; Riitters et al. 2000) . Many forest-dwelling animals, including some primates, are adversely affected by the fragmentation of their habitat (Andren 1994; Isabirye-Basuta and Lwanga 2008; Marsh 2003; Turner 1996) . Forest fragmentation results in population declines in some primates and complete extirpation in others (Boyle 2008; Chapman et al. 2007; Estrada and Coates-Estrada 1996) . In general, flexibility in dietary and ranging patterns and the ability to use matrix environments appear to be crucial to the survival of primates in fragments (Anderson et al. 2007; Onderdonk and Chapman 2000) .
Owing to their importance to assessing the long-term conservation prospects of many of the world's primate taxa, studies of the impact of forest fragmentation on the behavior and ecology of primates have become a major focus of research (Marsh 2003; Tutin 1999) . A growing body of evidence suggests that fragmentation influences the lives of primates in many arenas, including impacting their daily path lengths, home range sizes, dietary compositions, physiological stress levels, gastrointestinal parasite loads, and opportunities for dispersal (Bicca-Marques 2003; Boyle 2012; Chapman et al. 2006b; Cristóbal-Azkarate and Arroyo-Rodríguez 2007; Eniang 2003; Martinez-Mota et al. 2007) .
Blue monkeys (Cercopithecus mitis) are among the most widely distributed of Africa's arboreal primate species and inhabit a variety of forest types (tropical moist forest : Butynski 1990; Cords 1987 ; tropical montane forest: Beeson et al. 1996; Kaplin 2001 ; coastal dune forest : Lawes 1990 : Lawes , 1991 , including forest fragments across much of their range (Lawes 2002) . Intensive studies of blue monkey feeding ecology across their range show that they also exhibit extremely variable diets, with their top food item ranging from fruit (45.8-57.1 %: Cords 1987; Kaplin et al. 1998; Schlichte 1978) to insects (35.9-39.4 %: Butynski 1990) to leaves (44.1-46.9 %: Fairgrieve and Muhumuza 2003; Plumptre 2006; Twinomugisha and Chapman 2008) depending on location. Given their wide distribution and flexibility for a forest primate, blue monkeys as a species are considered to be at low risk of extinction (Kingdon et al. 2008) . However, there are several blue monkey subspecies with highly localized distributions whose basic biology and conservation requirements remain virtually unknown (Kingdon et al. 2008) . For example, Boutourlini's blue monkey (Cercopithecus mitis boutourlini), a subspecies endemic to the western side of the Ethiopian Rift Valley between Lake Tana and Lake Turkana Yalden et al. 1977) , has never before been the subject of field study. This subspecies was recently listed as Vulnerable by IUCN because of extensive and uncontrolled destruction of the forests it occupies for both timber and agricultural production . However, we know nothing about its natural history, including its habitat requirements, dietary needs, and ranging behavior, or its ability to respond to habitat fragmentation.
To learn more about Boutourlini's blue monkey, we conducted a 10-mo field study of the subspecies in Jibat Forest, western Ethiopia from July 2009 to April 2010. We sought to determine the extent to which the behavior and ecology of these monkeys is influenced by fragmentation and other forms of human disturbance to their habitat. We therefore selected two focal groups, a relatively undisturbed contiguous forestdwelling group (Forest Group) and a group occupying a heavily disturbed forest fragment (Fragment Group) surrounded by farmland except for a narrow strip of riparian forest connecting it to the contiguous forest, and compared their patterns of habitat use, ranging behavior, and diet. Because the disturbance level, vegetational composition, and habitat size differed greatly between the fragment and contiguous forest, we hypothesized that the blue monkeys in the two forest types would differ markedly in their patterns of habitat use, daily path length, home range size, and dietary composition.
Methods

Study Area
Jibat Forest (37°15′ -37°30′E; 8°35′ -8°50′N) is a montane forest in western Ethiopia covering an area of 320 km 2 and ranging in elevation between 2000 and 3000 m asl (Bekele 1994) . Jibat is of substantial conservation importance as both a National Forest Priority Area (SFCDD 1990) and an Important Bird Area for Ethiopia (BirdLife International 2009). Conversion to agricultural and grazing areas on the forest's periphery began in the 1970s (B. Dandane, pers. comm.) and has resulted in ongoing fragmentation around the edges of the forest. Livestock currently graze legally both on grasses in recently cleared grazing land near the edge of the forest and on forest shrubs in some peripheral portions of the forest (D. Tesfaye, pers. obs.) . Illegal tree cutting occurs throughout the forest, though reaches its highest intensity along the forest edge and in fragmenting areas of forest (D. Tesfaye, pers. obs.).
We obtained monthly rainfall and temperature data for the area between 1997 and 2006 from the Ethiopian Meteorology Agency's Tikur Inchini Field Station, located ca. 25 km northeast of Jibat Forest. Mean annual rainfall was 1768 (SD±155) mm, and mean monthly low and high temperatures were 7.8 (SD±1.7)°C and 23.6 (SD± 2.1)°C, respectively. The rainy season occurs from March to October with a peak in rainfall between June and September, and the dry season occurs from November to February. Because Tikur Inchini Field Station is in a less forested location than Jibat, we suspect that the total rainfall value used in our study is probably an underestimate, though we have no reason to suspect that the seasonal distribution of rainfall differs between these sites.
Focal Groups
We selected two groups of Boutourlini's blue monkeys for detailed study. We identified these groups via the distinctive natural markings, facial features, coat colors, and sizes of members of each group. Forest Group occupied continuous tree-dominated forest experiencing low levels of human disturbance while Fragment Group occupied a heavily disturbed 2-to 3-km 2 patch of forest consisting of tree-and bamboo-dominated habitat surrounded almost entirely by agricultural land (farms, settlements, and livestock grazing areas), with only a narrow corridor of riverine forest still linking the fragment to continuous forest (ca. 1 km away). During the study, Forest Group increased from 8 to 11 individuals while Fragment Group increased from 16 to 21 individuals, in both cases due to births. A second group inhabiting the continuous forest was counted at 24-26 individuals but was not selected for intensive study.
Data Collection and Analysis
Vegetation Toward the end of our study, we established two 50×10 m quadrats in randomly selected locations within the home ranges of each of the two focal groups to provide a preliminary description of the vegetation composition in the study area (Tesfaye 2010) . We counted (but did not measure the diameter at breast height [DBH] of) all individual plants including herbs, shrubs, lianas, and trees ≥2 m tall within the plots and identified them to species level at the National Herbarium, Addis Ababa University. Our vegetation enumeration methods placed greater emphasis on quantification of smaller plants than many previous studies of forest primate habitats, which have most often focused solely on stems ≥10 cm DBH irrespective of height.
The reason we chose our unconventional vegetation enumeration method is that it detects bamboo (Arundinaria alpina), a species characterized by culms of <10 cm DBH, but which was the top food species in the diet of Fragment Group at Jibat. The drawbacks of this method were that the density of plants in study plots was so great that we could not cover more than a small fraction (<1 %) of the home range area of each group in our vegetation surveys and we were able only to count (but not also measure) the number of stems in each plot. These quadrats were used to quantify the overall vegetation composition of the study area as well as to identify differences in forest composition between the home ranges of the focal groups. We calculated the relative density of each plant species as the total number of individuals of a species divided by the total number of all individuals sampled per hectare in the home range. In addition, we calculated plant species diversity via the Shannon-Wiener index, H′, and plant species evenness using the evenness index, J (Krebs 1989) . Because of the small total area surveyed within the ranges of each blue monkey focal group, our vegetation enumeration must be regarded as preliminary, though the differences in plant composition between ranges are striking enough to warrant presenting them here.
Behavioral Sampling Protocol To study the habitat use, ranging, and feeding ecology of Boutourlini's blue monkeys at Jibat, D. Tesfaye conducted scan samples (Altmann 1974) at 15-min intervals between 07:30 h and 17:30 h. At the time of each scan, D. Tesfaye collected data on up to the first five adults or juveniles seen within the group he was following. Because of limited visibility in the forest at Jibat, however, the cutoff of five individuals per scan was not always reached. Scan samples were conducted for a total 5-6 d/mo in each focal group.
Habitat Use We recorded habitat use as the habitat type in which the most members of the group were observed during each scan sample (Tesfaye 2010; Vié et al. 2001) . We divided habitat types into four categories: tree-dominated forest, bamboodominated forest, bushland, and agricultural land (defined in Table I ). We analyzed habitat use patterns by calculating the proportion of the number of group scans that the groups spent in each of the different habitats (Wallace 2006) .
Ranging Ecology
At the time of each scan sample, we also recorded the location and elevation of the geographic center of the group (Cords 1987; Fashing 2001a ) using a handheld Garmin GPS 12 unit (Tesfaye 2010) . Our focal groups proved to be quite cohesive, never engaging in the subgrouping behavior typical of blue monkeys in some populations where group sizes are larger (Cords 1987) . Ranging data points at Feeding Ecology When an individual was feeding during a scan sample, we recorded both the food item and species it was consuming (Tesfaye 2010) . We recorded feeding on plants when an individual was observed consuming, i.e., masticating, plant food items. We categorized food items as young leaves, mature leaves, shoots (newly growing aerial parts of a plant including leaf buds), stems (the supporting stalk of plants), flowers, fruits, seeds, bark, unknown plant parts, or animal prey. We recorded animal prey when we observed a monkey breaking off tree bark, exposing curled leaves, or masticating and ingesting invertebrates or vertebrates. We collected unidentified plant species for later taxonomic identification at the National Herbarium.
We determined diet composition by calculating the proportions of different 1) food items and 2) species consumed by the monkeys. We calculated dietary compositions for each group individually. We calculated the monthly proportion of each food item (and species) in the diet as the total number of monthly individual scans for each food item (and species) divided by the total number of monthly scan records for all food items (and species). We used the grand means of the monthly proportion of food items (and species) consumed to calculate the overall wet and dry season diets as well as the overall diet for the entire study period.
To assess dietary diversity of food plant species, we calculated the ShannonWiener diversity index (Krebs 1989) for each focal group for each month of study. We then calculated overall Shannon-Wiener diversity indices for each group over the entire study period by determining the means of the monthly indices. Similarly, we assessed dietary evenness using the evenness index, J (Krebs 1989), both monthly and over the entire study period.
We also measured the food selection ratio (a crude indicator of preference) for different food species in the diets of each focal group (Fashing 2001b) . We calculated the food selection ratio by dividing the annual percentage of time spent feeding on species i (measured as the grand mean of monthly values) by the percentage species i contributed to the total stem density in the home range of a group (Chapman and Chapman 2002) . We considered the food species with the largest selection ratios to be the most selected species (Fashing 2001b) .
Because none of our data were normally distributed, we carried out all of our statistical analyses using the nonparametric Mann-Whitney U-test.
Results
Vegetation
We found 62 species in the vegetation plots in Forest Group's home range and 53 species in the plots in Fragment Group's range. Forest Group's range contained 83 % (44 of 53) of the species found in Fragment Group's range, while Fragment Group's range contained 73 % (45 of 62) of the species found in Forest Group's range. The most abundant plant species in the ranges of both groups was the herb Satureja simensis (Laminaceae), though this species accounted for a far greater percentage of the total stems in Fragment Group's range (83 %) than in Forest Group's range (30 %) (Table II) . Further, the second most abundant species, Arundinaria alpina (Poaceae) or bamboo, in the range of Fragment Group (6.28 % of stems) was barely present in Forest Group's range (0.01 % of stems) (Table II) .
Shannon-Wiener diversity indices for plant species in the home ranges of the study groups were much higher for Forest Group (H′=2.02) than for Fragment Group (H′=0.80). Plant species evenness indices in the home ranges of the focal groups were 0.20 and 0.07 for Forest Group and Fragment Group, respectively.
Habitat Use
Tree-dominated forest was the most important habitat for Forest Group accounting for 89.7 % of scans (N=4473). Bushland dominated by Rubus apetalus (Rosaceae) provided the remaining 10.3 % of scans. Fragment Group used a more diverse array of habitat types including tree-dominated forest (37.3 % of 6137 scans), bamboo forest (26.8 %), bushland (25.8 %), and farmland (10.1 %).
Ranging Ecology
Mean daily path lengths for Forest Group (mean=799 m; range=182-2341 m; SE± 66 m; N=39) and Fragment Group (mean=783 m; range=350-1612 m; SE±57 m; N=31) did not differ significantly from one another (Z=-0.024, P=0.981). There were also no seasonal differences in daily path length for either Forest Group (dry season mean=807 m; range=182 -1711 m; SE±95; N=23; wet season mean=789 m; range= 303-2341 m; SE±93; N=16) (Z=-0.542; P=0.587) or Fragment Group (dry season mean=734 m; range=350-1093 m; SE±70; N=13; wet season mean=819 m; range= 353-1612 m; SE±86; N=18; Z=-0.460; P=0.645). Fragment Group ranged at a slightly higher mean elevation (mean=2468 m; range=2376-2593 m; SE±1; N=500) than Forest Group (mean=2419 m; range=2338-2555 m; SE±2; N=458; Z=-17.259; P<0.001). The 100 % minimum convex polygon home range areas for Forest Group and Fragment Group over the study period were 72.0 ha and 61.2 ha, respectively.
Feeding Ecology
Dietary Composition Fruit was the largest contributor to the overall diet of Forest Group, accounting for 52.5 % of all feeding records (N=2232) (Fig. 1) . Other common items in Forest Group's diet included animal prey (14.7 %), young leaves (11.1 %), shoots (8.7 %), and flowers (7.3 %) (Fig. 1) . The most frequently consumed food item by Fragment Group was shoots, which accounted for 29.8 % of feeding records (N=2903) (Fig. 1 ). Young leaves (17.1 %), fruit (17.0 %), animal prey (13.1 %), and seeds (9.6 %) also made substantial contributions to Fragment Group's diet. For both groups, animal prey included invertebrates, e.g., ants and spiders, and their larvae, as well as the meat and eggs of birds. Fruits were the top food items, i.e., had the highest percent monthly contribution to the diet of any food item, during 8 of the 10 mo for Forest Group (range: 24.5-80.7 %), but were the top food items during only 4 mo for Fragment Group (range: 1.7-42.3 %) (Table III) . Shoots were the top food items for Fragment Group (range: 15.6-48.1 %) during 4 additional months whereas they were the primary food items during only 1 month for Forest Group (range: 0.0-35.0 %). Seeds were never consumed heavily by Forest Group but accounted for at least one third of Fragment Group's diet during December and January. During these 2 mo, Fragment Group entered agricultural areas and consumed the seeds of barley (Hordeum vulgare) and wheat (Triticum aestivum) extensively when these crops produced seeds that had not yet been harvested. Seeds from native trees such as Croton macrostachys and Syzygium guineense were only rarely consumed by either group.
There were no significant differences in monthly (N=10) young leaf (Z=-1.512, P=0.130), mature leaf (Z=-0.404, P=0.686), or flower consumption (Z=-0.154, P= 0.877) between the two focal groups. However, fruit consumption (Z=-3.099, P= 0.002) was significantly higher in Forest Group, whereas seed (Z=-2.221, P=0.026) and shoot (Z=-2.878, P=0.004) consumption were significantly higher in Fragment Group. The only food type whose consumption differed significantly on a seasonal basis (N=6 rainy months vs. N=4 dry months) in either group were seeds, which Fragment Group ate more often during the dry season (Z=-2.590, P=0.010) when its members engaged in the aforementioned crop raiding of barley and wheat seeds. Forest Group consumed a total of 24 plant species (Table IV) whereas Fragment Group exploited 33 plant species (Table V) . For Forest Group, Ficus sur (39.9 %; range 14.9-70.0 %; SD±18.6 %), Ilex mitis (15.1 %; range 0.0-42.6 %; SD±16.7 %), Syzygium guineense (7.7 %; range 0.0-46.9 %; SD±16.8 %), Rubus apetalus (2.7 %; range 0.0-8.4 %; SD±2.9 %), and Landolphia buchananii (2.6 %; range 0.0-7.9 %; SD±2.4 %) were the five most consumed plant species, accounting for 68.0 % of the overall diet (Table IV) . For Fragment Group, Arundinaria alpina (20.6 %; range 0.0-46.9 %; SD±15.3 %), Ilex mitis (9.3 %; range 0.0-26.0 %; SD±8.8 %), Rubus apetalus (7.5 %; range 0.0-24.7 %; SD±8.7 %), Triticum aestivium (6.1 %; range 0.0-35.5 %; SD±12.6 %), and Prunus africana (5.2 %; range 0.0-26.3 %; SD±7.8 %) were the top five plant species, accounting for 48.7 % of the overall diet (Table V) .
Dietary Diversity and Food Choice Mean monthly (N=10) dietary species diversity (H′) was significantly higher for Fragment Group (mean: 2.06; range: 1.62-2.78; SE± 0.11) than for Forest Group (mean: 1.36; range: 0.69-1.81; SE±0.11; Z=-3.477, P= 0.001; Table VI). Mean monthly dietary evenness index, J, was also significantly higher for Fragment Group (mean: 0.38; range: 0.29-0.51; SE±0.02) than for Forest Group (mean: 0.26; range: 0.13-0.34; SE±0.02; Z=-3.183, P=0.001; Table VI) .
The plant species with the 10 highest selection ratios for each group during the study period are listed in Table VII . In Forest Group, Ficus sur was the most eaten and by far the most selected for plant species with a selection ratio of 3987, and the four next most frequently selected for plant species were Apodytes dimidiata (220), Ilex mitis (216), Syzygium guineense (153), and Prunus africana (130). In Fragment Group, Prunus africana, the fourth most eaten species, had the highest selection ratio (524), followed by Ilex mitis (309), Rhynchosia resinosa (282), Olinia rochetiana (265), and Brucea antidysentrica (156).
Discussion
We found that Boutourlini's blue monkeys inhabited both contiguous and fragmented forest at Jibat Forest, Ethiopia throughout our 10-mo study. Ranging patterns (daily path length and home range size) were similar in both habitats, whereas diet varied widely between them. Our focal group in contiguous forest (Forest Group) was mostly frugivorous, whereas our group in fragmented forest (Fragment Group) was primarily folivorous. The percent contributions of different plant species to the diets of each group also differed considerably and only Fragment Group engaged in crop raiding. Our results provide several important insights into the conservation requirements of Boutourlini's blue monkeys, which we explore in the text that follows.
Forest Composition and Habitat Use
Consistent with patterns found in other tropical forests, contiguous intact forest at Jibat contained more plant species, higher species diversity, and higher species evenness than fragmented forest (Putz et al. 2011; Souza et al. 2012) . The dense herb layer (dominated especially by Satureja simensis [Laminaceae]) in the fragmented forest at Jibat is also characteristic of disturbed forests elsewhere in Africa (Chapman and Chapman 1999; Fashing and Gathua 2004; Struhsaker 1997) .
Fragmented forest at Jibat also contained thick stands of bamboo, which were nearly absent in the intact forest, a vegetational difference that appeared to account for some of the large dietary differences between the two Boutourlini's blue monkey focal groups. The Boutourlini's blue monkey group inhabiting relatively undisturbed contiguous forest (Forest Group) at Jibat was able to meet its needs almost exclusively in the treedominated forest, venturing out into nearby bushland only occasionally, mostly to feed on Rubus apetalus fruits. This pattern is similar to that for Stuhlmann's blue monkeys (Cercopithecus mitis stuhlmanni) in Kakamega Forest, Kenya where an otherwise forest-dwelling group occasionally ventured out of the forest to access trees of Bischofia javanica planted in the surrounding human-dominated landscape to feed on fruit (Cords 1987; Pazol and Cords 2005) . In contrast, the group inhabiting fragmented forest (Fragment Group) at Jibat divided their time more evenly among tree-dominated forest, bamboo forest, bushland, and agricultural areas. Not all blue monkey populations living in forest fragments venture into nearby matrix habitats like Boutourlini's blue monkey at Jibat. For example, groups of samango monkeys (Cercopithecus mitis labiatus) inhabiting forest fragments of Podocarpus in South Africa never entered plantations of Acacia or other matrix habitats nearby (Lawes et al. 2000) . The extent to which differences in habituation to humans or hunting threat might play a role in these differences in matrix use between blue monkey subspecies and populations is unclear.
Ranging Patterns
Primates in fragments often have compressed ranging patterns, traveling shorter distances per day or occupying smaller home ranges than conspecifics in contiguous forest (Dunbar 1987; Tutin 1999; Wong and Sicotte 2007) . Among blue monkeys at Jibat, however, daily path lengths were relatively similar for Forest Group and Fragment Group and neither group exhibited much seasonal variation in this variable. Further, Forest Group at Jibat had only a moderately (18 %) larger home range than Fragment Group, despite the greater number of study days (41 vs. 31, or 32 % more) and larger number of total ranging points (1251 vs. 1198, or 4 % more) collected for Forest Group, variables known to influence MCP estimates of home range size (Jennrich and Turner 1969; Schoener 1981; Worton 1987) . Fragment Group's home range did not appear to be limited in size due to fragmentation given that they occupied only ca. 20-25 % of the 2-3 km 2 area available in their fragment. They did, however, leave their fragment occasionally to exploit the surrounding matrix, including farmland, raising the possibility that they may not have been able to meet all of their nutritional needs within their fragment (see Dietary Ecology).
Overall, the two blue monkey groups at Jibat traveled considerably shorter distances per day than blue monkeys (Table VIII) and other guenons (Cercopithecus spp.) in most other African forests (Jaffe and Isbell 2011) . This pattern suggests that blue monkeys at Jibat do not need to travel far to find sufficient food or will settle for nonpreferred food items to avoid increasing daily travel distances. Conversely, home range sizes at Jibat were within the typical size range for other blue monkey populations (Table VIII) .
Dietary Ecology
As guenons, blue monkeys possess several anatomical features related to frugivory, including cheek pouches, simple stomachs, and low and rounded molars, yet the diets of blue monkeys have been found to be extremely variable (Jaffe and Isbell 2011) . Indeed, as Jaffe and Isbell (2011, p. 282) recently noted, "dietary data for C. mitis account for the entire range of fruit composition in forest guenon diets (24.5 %-91.0 %)" across sites. Given this variability elsewhere in Africa, and the fact that we set out to study Boutourlini's blue monkeys in two very different habitats (continuous forest and fragmented forest) at Jibat, we expected to see considerable variation in diet between the groups in our study. Our results show that Boutourlini's blue monkeys do indeed consume very different diets in continuous and fragmented forest. Forest Group obtained 53 % of its diet from fruit, whereas fruit accounted for only 17 % of the diet of Fragment Group, the lowest level of frugivory recorded to date for a blue monkey population (Table VIII) . This result is consistent with patterns from Gabon, where two guenon species, mustached guenons (Cercopithecus cephus) and greater spot-nosed monkeys (C. nictitans), were each found to consume far more fruit in a large continuous forest reserve (Lopé) than in a nearby forest fragment (Klainedoxa Bosquet) (Tutin 1999) . Butynski (1990) Schlichte (1978) Methodological differences between studies in how data were collected (scan vs. frequency methods) and analyzed (grand mean of % monthly means vs. % of total records combined), as well as differences in study lengths, suggest that comparisons across sites must be made cautiously YL = young leaves; ML = mature leaves; SH = shoots; TL = total leaves (YL+ML+SH); FL = flowers; FR = fruits; SD = seeds; TF = total fruit (FR+SD); AP = animal prey; OT = other; -indicates no available data Another major dietary difference between the focal groups at Jibat was that Fragment Group (30 % of diet) relied much more heavily on shoots than Forest Group (9 % of diet). Most of the shoots in Fragment Group's diet came from bamboo (Arundinaria alpina), a species that was so abundant in their range that it failed to appear among the top 10 most selected for species despite being their top food item, accounting for >20 % of their overall diet. In contrast, bamboo was very scarce (<0.01 % of stems) within the range of Forest Group, though they did consume it occasionally (0.8 % of their overall diet). The high level of bamboo consumption by Fragment Group at Jibat is not unprecedented among blue monkeys because Cercopithecus mitis kandti in Mgahinga, Uganda obtains 60 % of its diet from bamboo (Twinomugisha and Chapman 2008) . Further, another more distant relation, sometimes classified as a guenon (Grubb et al. 2003) , the Bale monkey (Cercopithecus djamdjamensis), was found to eat 77 % bamboo at Odobullu, Ethiopia (Mekonnen et al. 2010) . Given that bamboo contains cyanide and the guenons possess simple stomachs, it is not entirely clear how they are able to subsist on such a toxic diet, though their focus on bamboo shoots and young leaves, which appear to be less heavily protected (Twinomugisha et al. 2006) , probably plays a role in enabling them to feed so extensively on this species.
During 2 mo of the year (December and January), Fragment Group relied heavily on crop raiding, a strategy not adopted by Forest Group at Jibat. This crop raiding consisted of the consumption of barley and wheat seeds in agricultural areas adjacent to the forest fragment. Given the limitations of the data currently available, we cannot be certain whether crop raiding is essential to Fragment Group for surviving lean periods or whether it is simply an opportunistic supplement to an already complete diet. Primates that rely on crop raiding are generally in conflict with local human populations and are vulnerable to shooting, poisoning, and other eradication strategies (Campbell-Smith et al. 2010; Hill 1997; Lee and Priston 2005; Mekonnen et al. 2012; Swedell 2011) . Although primates may be successful at crop raiding over the short term, crop raiding is rarely a sustainable long-term strategy, given that the people with whom primates are generally in conflict typically rely on the same crops for their own survival (Hill 1997; Lee and Priston 2005) .
Despite inhabiting a more species-rich habitat, Forest Group consumed a less diverse diet than Fragment Group during 9 of 10 mo. Forest Group's dietary diversity index was generally lower because it obtained 40 % of its diet from Ficus sur, a fig species that occurred at a low stem density but produced fruit throughout most of the year (D. Tesfaye, pers. obs.). Indeed, Forest Group's selection ratio (3987) for Ficus sur was by far the highest for any food species for either group. The strong selection for figs by Forest Group is consistent with a pattern observed across many other tropical forest vertebrates, including many primates, worldwide (Fashing 2001b; Felton et al. 2008; Parr et al. 2011; Shanahan et al. 2001) . Striking evidence of dietary flexibility in Boutourlini's blue monkey comes from the fact that, despite their importance to Forest Group, figs scarcely factored into the diet (3 %) of Fragment Group (whose range contained only three fig trees; D. Tesfaye, pers. obs.) . This result suggests that although they may be exploited heavily by Boutourlini's blue monkeys in some habitats, figs are neither a keystone (Gautier-Hion and Michaloud 1989) nor a fallback species (Marshall et al. 2009 ) for these monkeys.
Conservation Implications
Several of our results suggest that the long-term conservation prospects of Boutourlini's blue monkeys are promising. First, Boutourlini's blue monkeys occupy both intact and fragmented forest at Jibat despite the markedly different vegetation compositions of these two forest types. Second, the groups inhabiting these different forest types are able to survive on very different diets, with the blue monkeys in Forest Group relying much more heavily on fruit and those in Fragment Group subsisting more on shoots, particularly from bamboo. Third, overall home range sizes and daily path lengths were comparable between the two focal groups, suggesting that forest fragmentation to date has had little impact on the ranging of Boutourlini's blue monkeys at Jibat.
Despite the encouraging evidence of habitat, dietary, and ranging flexibility presented in our study, however, there are reasons to suggest that the long-term conservation of Boutourlini's blue monkeys is far from assured. Their limited distribution in the forests of western Ethiopia, and the growing human population and related high rate of forest clearance in the region, highlight the need for protection of the remaining forests where Boutourlini's blue monkeys occur. Once forest fragmentation begins in an area, the process tends to continue and the remaining fragments become smaller and less connected over time (Chapman et al. 2007; Chatelain et al. 1996) . This pattern creates cause for concern because research on other blue monkey subspecies suggests that there is a size limit below which they are no longer able to survive in fragments (samango monkey: South Africa 45 ha; Lawes et al. 2000; Swart and Lawes 1996 ; Stuhlmann's blue monkey: 130 ha; Onderdonk and Chapman 2000) . The few hundred hectares of forest remaining for Fragment Group of Boutourlini's blue monkey at Jibat places them not far above this threshold. Further, although bamboo played a major role in the diet of Fragment Group at Jibat, it is not known how widely bamboo is distributed across the forest fragments of western Ethiopia or whether the monkeys can survive in fragments where bamboo is absent. Lastly, the crop raiding of barley and wheat that contributed substantially to Fragment Group's diet in December and January is unlikely to be sustainable over the long term because farmers tend to attempt to eradicate crop raiding primates (Hill 1997; Lee and Priston 2005) .
Surveys are needed across western Ethiopia to assess the status of remaining Boutourlini's blue monkey populations and to determine the minimum size and composition of fragments and surrounding matrix needed by the monkeys to ensure their long-term survival (cf. Lawes et al. 2000; Onderdonk and Chapman 2000; Swart and Lawes 1996) . At locales where Boutourlini's blue monkeys are raiding crops, mitigation strategies need to be developed to ensure that the needs of both the local people and the monkeys are being met (cf. Hill 2000; Strum 2010) . Ultimately, given the high density and rapid growth of the human population in western Ethiopia, the ability to withstand fragmentation and other disturbance to their habitat will likely be the key factor in determining the long-term conservation prospects of Boutourlini's blue monkeys.
